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Coal resources for all major coal beds----------------8
3. Coal resources for the Heart River and Fryburg beds------10
Conversion Table   To fig. 1 ) , there are eight major coal beds greater than 5 ft thick. These coals are, in ascending stratigraphic order, the Hansen, Harmon, Nomad, Garner
Creek, Coal Bank Creek-Meyer, HT Butte, Fryburg, and Heart River (table 1).
All the coals are in either the Tongue River or Sentinel Butte Members of the Fort Union Formation (Paleocene). Coal resources were calculated in response to current program objectives of the U.S. Geological Survey.
Data used for coal-bed identification, correlation, and resource calcu-'
lations are a collection of oil-well gamma-ray logs, North Dakota State Water
Well Commission (NDSWC) lithologic logs, and geophysical logs (.gamma-ray, density, spontaneous potential, and resistivity) from the U.S. Geological Survey-North Dakota Geological Survey (USGS-NDGS) coal-evaluation project.
Surface geology and stratigraphic contacts are from Royse (1967 Royse ( , 1970 , Bluemle (1975), and Hickey (1976) .
Previous Work
Coal-bed description and measurement studies in this part of the Williston Basin date back to the early part of the twentieth century (Wilder and Wood, 1902; Clapp and Babcock, 1906; Leonard, Babcock, and Dove, 1925 ); more detailed mapping followed (Brant, 1953; Caldwell, 1954) as topographic control improved. The most recent reports (Menge, 1977; Rehbein, 1978; Owen, 1979; and Lewis, 1979) incorporate coal-evaluation geophysical logs and outcrop measurements. Parts of the south Belfield area are overlapped in reports by Menge (1977) from the north, Owen (1979) from the southeast, and Lewis (1979) from the west. However, coverage of the area in those reports is poor due to an insufficient amount of data. Approximately 500-600 ft of the Tongue River Member (Rehbein, 1978) conformably overlies the Ludlow, except in small isolated areas (Hares, 1928, p. 37; Carlson, 1969) . The Tongue River consists of a nonmarine, fluvial-lacustrine sequence of interbedded siltstone, claystone, coal, and sandstone. The sandstones are mostly fine grained or very fine grained, usually grading into siltstone (0.30-0.03 mm diameter). Gamma-ray and density logs of the Tongue River distinctly show the coals and clastic sediments (pis. 2A, 2B). The "sands" are mainly block-shaped, indicative of an even texture, or bell-shaped, indicative of a fining upward sequence (Fisher and others, 1969; Kaiser, 1974) . These sequences either grade upward into point-bar deposits or are overlain by the "clays" and "silts" of overbank deposits (Rehbein, 1978) . Crevasse-splay sequences that coarsen upward are noted but not common (pis. 2A, 2B). Lignite interbedded with overbank deposits of fluvial-lacustrine sediments formed in very large swamps adjacent to the channels. Most Tongue River coals show these depositional characteristics, especially the broad areal extent. Royse (1967, T970) and Jacob (1973) , in their sediraentologic studies, reached similar conclusions for the depositional environment of the Tongue River.
The Sentinel Butte Member conformably overlies the Tongue River strata (Royse, 1970) . There are only minor differences in the gamma-ray and density log patterns and lithologic descriptions between the two members, which suggests a very similar environment of deposition (Royse, 1967 (Royse, , 1970 .
(pis. 2A, 2B). Because of distinct lateral changes in lithology, and poor surface exposures, it is often difficult to determine exact stratigraphic positions in the field or on logs. Royse (1967 Royse ( , 1970 extensively studied the problem and established three criteria to define the Tongue RiverSentinel Butte contact: (l).HT Butte coal bed; (2) marked color change; and (3) basal sandy unit.
The top of the HT Butte coal bed, at base of the Sentinel Butte where the bed is present, is suggested as the contact. Royse (1967 Royse ( , 1970 found the HT Butte coal bed, carbonaceous zone, or lignitic shale at several exposures and noted thicknesses varying from inches to several tens of feet.
Problems associated with using the HT Butte bed as a contact are slumping of overlying sediments, erosion, nondeposition of the coal, and a plethora of names (Law, 1977, fig. 1 ) attached to this coal at various localities.
The color change at the contact is due to weathering. The claystone, silts tone, and sandstone of the Sentinel Butte generally weather to dark brown or gray, whereas the Tongue River lithologies generally weather to tan or buff color. Drill-hole cuttings of the two members, however, show no color difference. Laboratory studies indicate that there is a slightly larger grain size and greater CaCOo content in the Sentinel Butte than the Tongue River (Royse, 1967 (Royse, , 1970 .
The third criterion is a persistent basal sand unit that ranges in thickness from several feet to more than 100 feet. Plates 2A and 2B show a blocky shaped channel sand, usually above the HT Butte zone, and in some places a channel sand below the coal.
Golden Valley Formation
The Bear Den Member (Clarkforkian age) of the Golden Valley Formation (transitional Paleocene-Eocene) conformably overlies the Sentinel Butte (Hickey, 1976) by Denson and Gill (1956, 1965) Menge (1977) , Owen (1979) , and Lewis (1979) . The coals are discussed from shallowest to deepest bed because the data base is more complete for the shallow beds.
The Heart River bed, 0-8 ft thick in the Sentinel Butte Member, is the highest recoverable coal bed in the stratigraphic section; it is overlain by approximately 25-160 ft of overburden. Where overburden is thin, the coal is usually weathered, or slack. Plate 4 shows the Heart River bed as two elongate pods with sharp boundaries of channel sands.
The Fryburg bed (pi. 5), 0-16 ft thick, is the principal recoverable coal resource in the area. It is 32-62 ft below the Heart River and is covered by less than 150 ft of overburden throughout most of the area. The coal bed is thickest to the north and has no partings except at one data point in the southwest.
Coal-resource calculations for all beds in the area are listed by township in table 2. Table 3 shows resource calculations for only the Heart River and Fryburg beds and are listed by section, township, and range with overburden categories of 0-20 ft, 20-150 ft, and greater than 150 ft.
The HT Butte bed (pi. 6), 0-8.5 ft thick, is 60-135 ft below the Fryburg and is considered by Royse (1967 Royse ( , 1970 11  12  33  14  35  36  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36 Tola I Overburden Heart River 0-20 -182  89  ---95  924  312  -473  294  ------159  ----578  39  - 0-20 The Coal Bank Creek-Meyer bed (pi. 7), 4-12 ft thick and 3-35.5 ft below the HT Butte bed, is continuous over the entire area. The hyphenated name is used here because the coal beds originally described by Leonard and others (1925) and Hares (1928) as the Coal Bank Creek and Meyer beds, respectively, are now correlated as the same bed (Owen, 1979) (table 1) . Menge (1977) described a The lithology of the interval beneath is also quite variable (Owen, 1979, p. 7), consisting mainly of overbank deposits in this area.
The Nomad bed (pi. 9), 0-9 ft thick and 23-167 ft below the Garner Creek bed, thickens toward the east and southeast. Owen (1979) named the bed in the New England-Mott area.
The Harmon bed is 3-17 ft thick in the area (pi. 10), thinning northward. Recent authors (Rehbein, 1978; Owen, 1979; Lewis, 1979) have tentatively correlated this bed over an area of approximately 12,000 mi2 .
Resource calculations (Rehbein, 1978) indicate that the Harmon bed is one of the largest coal deposits in North Dakota Overburden on the Harmon bed is generally greater than 500 ft in most of the south Belfield area, except in the southwest where it crops out in the badlands. Interburden between the Harmon and Nomad is variable (Owen, 1979, pi. 1). The interburden between the Harmon and Fryburg beds is approximately 500 ft in the area (Hal Owen, oral commun., 1979) , despite thickness changes of the various lithologies (pis. 2A, 2B) and coal beds in this interval.
The Hansen bed, 4-17 ft thick (pi. 11), is 15-82 ft below the Harmon.
Locally, the interburden varies greatly, thickening northward. Regionally, the interburden ranges in thickness from a few feet to more than a hundred feet (Hal Owen and R. C. Lewis, oral commun., 1979) . The Hansen is the basal Tongue River coal in southwestern North Dakota. Because it is so low in the section, only oil wells and deep coal-exploration drill holes penetrate it.
Despite a limited data base, coal resource calculations are listed in table 2 for the southern part of the south Belfield area where data are sufficient.
URANIUM
In addition to coal, uranium also is an economically minable resource in this area. Denson and Gill (1965) The Lehigh bed is not thick enough in this area to be considered as a coal resource, but it has been used as an economical uranium resource.
